
Sandia National Laboratories is a multimission

laboratory managed and operated by National 

Technology & Engineering Solutions of Sandia, 

LLC, a wholly owned subsidiary of Honeywell 

International Inc., for the U.S. Department of 

Energyõs National Nuclear Security 

Administration under contract DE -NA0003525.

Valuation of Energy Storage in 
the US Electricity and 
Frequency Regulation Markets

P R E S E N T E D B Y

1

Fel ipe Wilches-Bernal

September 24 2019

Electr ic Power Systems Research Depar tment
Sandia Nat ional  Laborator ies, Albuquerque, NM

Walker Ol is
Ricky Concepcion



The US Electricity Markets2

ÁAround 60% of  the US electric power supply is managed through competitive markets

ÁThere are seven different market regions in the US

ÁExcept for ERCOT, following FERC ORDER 755, the frequency regulation market in other areas 
is pay for performance
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ÁFrom an economic perspective, in a market area an energy storage system (ESS) is 
only as valuable as the revenue stream its able to generate

ÁImportant to determine how ESS can generate revenue in the different US market 
areas

ÁMain Objective - determine how ESS systems can generate revenue from:

ÁArbitrage (participation in the electricity market) 

ÁProviding frequency regulation (a key ancillary services)

ÁOther Objectives:

ÁIdentify differences in revenue from the different US markets

ÁIdentify temporal trends and determine if  they are common across the markets

ÁIdentify differences in sensitivitiesof  revenue with respect to the different ES 
parameters for all the seven markets

Introduction and Motivation
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How did this project meet the DOE OEõs Energy Storage mission?

ÁPerforming this research lowers barriers to energy storage deployments which 
helps ensure a resilient, reliable and flexible electricity system. The research in this 
project identifies opportunities for energy storage and provides open source 
valuation tools to the energy storage community

Introduction and Motivation
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ÁFirst step: download pricing data and market operation information for all the US markets

ÁRevenue maximization formulated as an optimization problem

Assumptions:
ÁPrices are known in advance (perfect forecast)

ÁDay-ahead market

ÁResults are hence a best scenario calculation but they are important because they provide an upper 
bound (which can be used to score more realistic trading strategies)

Example for PJM:

pricing
data

decision variables

Objective function Ą

State of  energy Ą

Subject to constraints

costs
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Perform an analysis of  revenue maximization for all US markets

ÁTime interval of  analysis: January 2014 to June 2019 (5 and a half  years). Analysis was done on a 
monthly basis (hourly resolution of  data ðday ahead market-)

ÁUsed an òaverageó (or representative node) for the electricity prices for each market.

ÁRegulation prices tend to be area-wide so no òaverageó node was needed

ÁThe same parameters for the energy storage device were used

Parameter value

Energy Capacity 20MWh

Power Rating 20MW

Self-discharge Efficiency 0.98

Round Trip Efficiency 0.95

ÁIn addition, the performance score is set to 0.95



Revenue of Energy Storage in the US Markets7

For Arbitrage

ÁERCOT is prone to spikes (due to spikes 
in prices)

ÁCAISO and ISO-NE generate  more 
revenue than other markets since 2017

For Arbitrage and Freq. Regulation

ÁPJM and ISO NE are the markets that 
generate more revenue
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ÁRevenue ratio: the ratio of  revenue generated from arbitrage and arbitrage plus frequency 
regulation.

ÁConsistently, for all the markets and for all the time period considered, arbitrage + freq. regulation 
generates more revenue than arbitrage only. ISO-NE and PJM are the markets that present higher 
ratios while CAISO present the lowest ratios

Ratio of  arbitrage+freq. regto arbitrage only 



How Sensitive are the Results?9

ÁFor every market the sensitivity of  the results to the parameters of  the energy storage device was 
computed

ÁFor example, the NYISO and SPP sensitivities to the round-trip efficiency parameters are shown 
below:

SPPNYISO


